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Introduction
Porphyromonas gingivalis is one of the most important pathogenic bacteria in progressive periodontal disease [1] [2] [3] [4] [5] [6] [7] and it produces a unique class of cysteine proteinases in both cellassociated and secretory forms, now termed Arggingipain (Rgp) and Lys-gingipain (Kgp). 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Rgp is encoded by two rgp genes (rgpA and rgpB), [18] [19] [20] [21] [22] [23] whereas Kgp is encoded by a single kgp gene. [25] [26] [27] The kgp gene encodes a polyprotein with 1732 amino acid residues, which consists of four domains: a signal peptide, a prosequence, a proteinase, and C-terminal adhesin domains. 
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We previously found the Kgp-null mutant to form less black-pigmented colonies on blood agar plates and failed to express a 19-kDa HbR protein, probably due to a disruption of the processing of its precursor proteins, such as RgpA, Kgp, and HagA, to generate HbR in the Kgp-null mutant. 25 Given that colonial black pigmentation is caused by the accumulation of heme derivatives on the bacterial cell surface, 29 the disruption of HbR generation is likely to account for the nonpigmentation of the Kgp-null mutant. In addition to a disruption of the generation of HbR, we also showed this Kgp-null mutant to decrease the ability to degrade fibrinogen. 25 
Proteinase activity
The proteolytic activities of Rgp and Kgp were determined with Z-Phe-Arg-MCA and Boc-ValLeu-Lys-MCA as described previously. 16, 17 Briefly, the reaction mixture respectively (data not shown), the wild-type and KDP129 strains were therefore used in this study as a control. Sequencing Kit (Applied Biosystems).
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Statistical analysis
The quantitative data are presented as the mean ± S.D. The statistical significance of differences between the mean values was assessed by Student's t-test. p values of <0.01 were considered statistically significant.
Results
Functional expression of KGP
To construct the Kgp expression system, a PCRamplified DNA product containing the promoter region, signal peptide, propeptide and proteinase domain of kgp was inserted into the P. gingivalis shuttle plasmid vector pYKP028 which was able to be stably maintained in both E. coli and P.
gingivalis (Fig. 1A) . The resulting plasmid pNOP003 was mobilized from E. coli SM10λpir into the P. gingivalis kgp mutant (KDP129).
KDP129 harboring pNOP003, which is designated as NOP003, was examined to determine the expression levels of both the Kgp and Rgp activities using the respective synthetic substrates ( Fig. 1B and D , and NOP011, respectively) in KDP129 (Fig. 3A) . A Western blot analysis with antibodies specific to Kgp revealed that all the three mutants were produced at an apparent molecular mass of 51 kDa, which is identical with that of the wildtype strain (Fig. 3B) . One of the single mutants, NOP031, showed a significant Kgp activity in both the cell lysate and the culture supernatant, although their levels were lower than those of the wild-type strain (Fig. 3C ). In contrast, the single mutant NOP021 and the double mutant NOP011
completely lost the Kgp activity. Consistent with these results, whereas the former single mutant formed black-pigmented colonies on a blood agar plate (Fig. 4) and generated the 19-kDa HbR protein (data not shown), the latter single mutant and the double mutant showed no colonial pigmentation and no production of HbR protein.
On the other hand, the protein and activity levels of Rgp in all of these mutants were not significantly different from those of the wild-type strain (Fig. 5) . These results indicate that the 477 th Cys residue is required for the full activity of Kgp, but that the substitution of the active-site Cys residues of Kgp does not affect the expression of Rgp.
Discussion
The P. gingivalis sod gene encoding superoxide dismutase (SOD) has been shown to be expressed as an enzymatically active enzyme in E. coli. 
